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METHOD FOR DESIGNING AN ASIC AND 
ASIC DESIGNING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a technique for designing 
a large-scale hardware macro for an ASIC (Application 
Speci?c Integrated Circuit), and more particularly it relates 
to an ASIC design method and ASIC designing apparatus 
Which eliminate redundant interconnections and increases 
the interconnect region usable for user logic When a large 
scale macro is implemented on an ASIC. 

2. Background of the Invention 
FIG. 8 shoWs a How chart that illustrates a method of 

designing an ASIC according to the prior art. In the ASIC 
design method of the prior art shoWn in FIG. 8, a primitive 
library, micro library, and net list are used to perform layout 
and Wiring, Without eliminating redundant circuits from the 
macro, after Which a delay simulation is performed. In the 
past, to implement a circuit having a large-scale hardWare 
macro made up of primitive macros, either layout and Wiring 
Were made Without eliminating redundant circuits, or a 
macro of the desired speci?cations Was designed aneW. 
Because the speci?cations of the actual macro differ from 
customer to customer, the result is that general-purpose 
macros include different redundant portions for individual 
customers. To optimiZe this, a macro is developed aneW for 
the customer speci?cations, in Which case the term required 
to develop a neW macro is approximately 3 months, thereby 
greatly increasing the time and cost required for develop 
ment. In the case in Which an existing macro is used as is, 
because interconnection data including redundant circuits 
have priority for customers, there is a Worsening of the 
interconnections in the customer’s designed circuit. For 
example, in the case in Which only a DMA controller With 
a 16-it data bus is available in the macro library, a macro 
having a 16-it data bus Will be used, even though only an 
8-bit data bus is used, the remaining buses that are not 
needed in the chip become redundant circuits. The result of 
this is a Worsening of interconnections of the user logic. In 
the Japanese Patent 2,752,923, for example, there is a 
description for eliminating such redundancies. Speci?cally, 
according to the prior art of Japanese Patent 2,752,923 as 
shoWn in FIG. 9, in a logic simulation apparatus having a 
redundant circuits removal means 23 Which, based on ?rst 
logic descriptive information 21 and operation mode control 
information 22 for the circuit to be designed, generates third 
logical descriptive information 38 by performing logic simu 
lation and removing from the ?rst logic descriptive infor 
mation 21 redundant circuits that are not needed in the 
circuit to be designed, a logic synthesis means 24 for 
performing logic synthesis based on the third logic descrip 
tive information 38 so as to generate a gate-level output 
logic circuit 25, and a second logic simulation means 26 for 
evaluating the output logic circuit 25, the redundant circuits 
removal means 23 of this logic simulation apparatus further 
has a conditional statement searching means 31 for search 
ing for a conditional statement indicating an input-to-output 
condition from among the ?rst logic descriptive information 
21, a state transition display description appending means 32 
Which, based on the retrieved conditional statement, gener 
ates second logic descriptive information 33 With state 
transition information added by the means 32, a ?rst logic 
simulation means 34 Which receives the operating mode 
control information 22 and the second logic descriptive 
information 33, performs a logic simulation, and outputs 

15 

25 

35 

45 

55 

65 

2 
state value information 35, Which is the result of the 
simulation, a ?xed conditional statement judgment means 36 
Which, based on state value information 35, judges and 
extracts a ?xed conditional statement corresponding to a 
redundant circuits, and a ?xed conditional statement 
removal means 37 Which, based on the results of the 
judgment, removes a ?xed conditional statement from the 
?rst logic descriptive information 21, so as to generate a 
third logic description ?le 38. By this con?guration, a 
condition statement is searched in the input macro logic 
description ?le 21 and, by means of the results of simulation 
of logic description ?le to Which a state transition display 
statement has been added, it is possible to make a judgment 
on a ?xed condition and to remove this ?xed condition from 
the original logic code so as to remove a redundant portions 
from the circuit, thereby enabling automatic removal of 
redundant portions from the circuit, shortening the design 
turnaround time, and also reducing the number of elements 
in the integrated circuit, Which reduces the area of the 
circuit, the result of Which is a reduction in cost. 

In the prior art, hoWever, While there is a large degree of 
freedom in removal at the function description level, it is 
necessary to perform evaluation of layout, Wiring and delay 
times many times, this being a problem in the design of an 
ASIC for a particular customer. 

Accordingly, in consideration of the above-noted draW 
back of the prior art, it is an object of the present invention 
to provide an ASIC design method and ASIC design appa 
ratus Which removes redundant interconnections When 
implementing a large-scale hardWare macro in an ASIC, and 
Which increase the interconnect region usable by user logic. 

SUMMARY OF THE INVENTION 

In order to achieve the above-noted objects, the ?rst 
aspect of the present invention has the folloWing basic 
technical constitution. 

Speci?cally, a ?rst aspect of the present invention is a 
method for designing an ASIC having a ?rst step of gener 
ating circuit data that includes a large-scale hardWare macro 
made up of primitive macros; a second step of extracting, 
from the circuit data generated in the ?rst step, Wiring data 
of an external terminal of the large-scale hardWare macro, an 
output of Which is in an open state or an input of Which is 
clamped; a third step of performing circuit tracing using the 
Wiring data of the external terminal extracted in the second 
step; a fourth step of removing Wiring data of a redundant 
primitive macro and redundant Wiring data connected to said 
redundant primitive macros using the Wiring data of the 
external terminal extracted in the second step; a ?fth step of 
generating a temporary library in Which a delay time Within 
the macro is adjusted, based on removal results obtained in 
the fourth step; and a sixth step of performing layout and 
Wiring, and of performing a delay simulation, using the 
temporary library generated in the ?fth step. 

In a second aspect of the present invention, the fourth step 
includes a step of prohibiting a removal of Wiring data of a 
clock line in a ?ip-?op circuit. 

In a third aspect of the present invention, the fourth step 
includes a step of prohibiting a removal of Wiring data 
having a branch circuit in a net list, When the Wiring data of 
the external terminal extracted in the second step includes a 
branch circuit. 

In a fourth aspect of the present invention, the fourth step 
includes a step of setting removal prohibition information 
Within the library, so as to impart a limitation on the removal 
of Wiring data of redundant primitive macros and redundant 
Wiring data connected to the redundant primitive macros. 
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A ?fth aspect of the present invention is an apparatus for 
designing an ASIC comprising a ?rst means of generating 
circuit data that includes a large-scale hardWare macro made 
up of primitive macros; a second means of extracting, from 
the circuit data generated in the ?rst means, Wiring data of 
an external terminal of the large-scale hardWare macro, an 
output of Which is in an open state or an input of Which is 
clamped; a third means of performing circuit tracing using 
the Wiring data of the external terminal extracted in the 
second means; a fourth means of removing Wiring data of a 
redundant primitive macro and redundant Wiring data con 
nected to said redundant primitive macros using the Wiring 
data of the external terminal extracted in the second means; 
a ?fth means of generating a temporary library in Which a 
delay time Within said macro is adjusted, based on an output 
of said fourth means; and a sixth means of performing layout 
and Wiring, and of performing a delay simulation, using the 
temporary library generated in the ?fth means. 

In a sixth aspect of the present invention, the fourth means 
includes a means of prohibiting a removal of Wiring data of 
a clock line in a ?ip-?op circuit. 

In a seventh aspect of the present invention, the fourth 
means includes a means of prohibiting a removal of Wiring 
data having a branch circuit in a net list, When the Wiring 
data of the external terminal extracted in the second means 
includes a branch circuit. 

In an eighth aspect of the present invention, the fourth 
means includes a means of setting removal prohibition 
information Within the library, so as to impart a limitation on 
the removal of Wiring data of a redundant primitive macro 
and redundant Wiring data connected to the redundant primi 
tive macros. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a draWing shoWing the How chart, illustrating an 
ASIC design method according to the present invention. 

FIG. 2 is a draWing shoWing a basic net list of an example 
of a hardWare macro. 

FIG. 3 is a draWing shoWing a net list that does not include 
a redundant circuit in a modi?ed macro library according to 
the ?rst embodiment. 

FIG. 4 is a draWing shoWing a ?rst interconnection 
example. 

FIG. 5 is a draWing shoWing a second interconnection 
example. 

FIG. 6 is a draWing shoWing a net list that does not include 
a redundant circuit in a modi?ed macro library according to 
the second embodiment. 

FIG. 7 is a draWing shoWing a net list that does not include 
a redundant circuit in a modi?ed macro library according to 
the third embodiment. 

FIG. 8 is a draWing shoWing the ?oWchart, illustrating an 
ASIC design method according to the prior art. 

FIG. 9 is a draWing shoWing the another How chart, 
illustrating an ASIC design method according to the prior 
art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are described in 
detail beloW, With reference made to relevant accompanying 
draWings. 

The embodiments of the present invention described 
beloW relate to a method of designing a CPU peripheral 
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4 
circuit such as a DMA controller, an interrupt controller or 
a large-scale hardWare macro such as a multiplier, Which is 
implemented in an ASIC by using primitive macros, and 
more particularly they relate to a method for designing an 
ASIC, Whereby When a large-scale hardWare macro is imple 
mented in an ASIC redundant interconnection circuits are 
removed and the interconnect region usable by user logic is 
increased. In this ASIC design method, the Wiring informa 
tion for external terminals of the large-scale hardWare macro 
are extracted from a net list, Which is the circuit information 
for the semiconductor integrated circuit and, based on this 
Wiring information for external terminals of the large-scale 
hardWare macro, terminals for Which the output is in the 
open state and the input is clamped are searched, the 
resulting information being use as so as to perform circuit 
tracing With respect to the macro library of the large-scale 
hardWare macro. A redundancy removal sequence, by Which 
interconnection data of the primitive macros that are redun 
dant as seen from the net list and interconnection data 
betWeen the redundant primitive macros are deleted, so as to 
generate a modi?ed macro library, is added to the design 
?oW, and in doing so, the redundancy removal sequence 
adjusts the change in delay time Within the modi?ed macro 
library caused by the deletion of interconnection data of 
primitive macro and interconnection data betWeen primitive 
macros that Will be redundant circuits. Another feature of the 
present invention is that, in order to not in?uence delay 
times of the circuits other than redundant circuits, the 
removal of the interconnection data for the clock lines of a 
?ip-?op circuits is prohibited, the removal of interconnec 
tion data for circuits at Which there is a branch in a 
combinatorial circuit is prohibited, and a limitation is 
imparted on the removal of interconnection data of primitive 
macros of a redundant circuits and interconnection data 
betWeen redundant primitive macros by adding removal 
prohibition information Within a macro library. Processing 
after layout and Wiring is executed using the modi?ed macro 
library instead of the macro library. Embodiments of the 
present invention are described in further detail beloW. 

FIG. 1 shoWs the ?oWchart, illustrating an ASIC design 
method according to the ?rst embodiment of the present 
invention. Referring to FIG. 1, this embodiment has a step 
S10 of generating a macro library, a step S20 of generating 
a net list, a step S30 of removing redundant circuits, a step 
S40 of generating a primitive library, a step S50 of gener 
ating a modi?ed macro library, a step S60 of performing 
layout and Wiring or placement routing, and a step S70 of 
performing a delay simulation. In this embodiment, as 
shoWn in FIG. 1, ?rst a macro library that includes a net list 
20, Which includes the circuit information of the semicon 
ductor integrated circuit, and the circuit information, inter 
connection information, and delay information of the large 
scale hardWare macro 14 (described later, refer to FIG. 3), is 
input to the redundancy removal step S30, and a modi?ed 
macro library 50 is generated. Using this modi?ed macro 
library 50, the net list 20, and the primitive library 40, the 
layout and Wiring step S60 and delay simulation step S70 are 
executed. The redundancy removal step S30 extracts, from 
the net list 20 Which is the circuit information for the 
semiconductor integrated circuit that Was input, Wiring 
information of external terminals of the large-scale hardWare 
macro 14, this extracted information being used for deter 
mining terminal information With regard to Which outputs 
are open and Which inputs are clamped. Based on this 
terminal information, forWard tracing from input terminals 
and back tracing from output terminals are performed With 
respect to circuit information of the large-scale hardWare 
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macro 14 included in the macro library 10, and a modi?ed 
macro library 50, from Which primitive macros and inter 
connection data betWeen primitive macros that Will be 
redundant circuits as seen from the net list 20 have been 
removed, is generated. 

FIG. 2 shoWs a net list 20 of a hardWare macro 12. In the 
hardWare macro 12 shoWn in FIG. 2, the external terminals 
1 and 3 are connected to the user circuit 6, the external 
terminal 2 is connected to the ground, the external terminal 
4 is connected to the user circuit 7, and the external terminal 
5 is open. The logic circuit 11 is connected to the external 
terminals 1 and 3, the combinatorial circuits 8 and 9, and the 
D-type ?ip-?ops A, B, C, and D. The data input terminal (D) 
of the D-type ?ip-?op Ais connected to the external terminal 
2, its clock terminal (c) is connected to the logic circuit 11 
and the external terminal 3, and its data output terminal (Q) 
is connected to the logic circuit 11. The data input terminal 
(D) of the D-type ?ip-?op B is connected to the combina 
torial circuit 8, its clock terminal (c) is connected to the logic 
circuit 11 and the clock terminal (c) of the D-type ?ip-?op 
C and D, and its data output terminal (Q) is connected to the 
external terminal 4. The data input terminal (D) of the 
D-type ?ip-?op C is connected to the combinatorial circuit 
9, its clock terminal (c) is connected to the logic circuit 11 
and the clock terminal (c) of the D-type ?ip-?op B and D, 
and its data output terminal (Q) is connected to the external 
terminal 5. The data input terminal (D) of the D-type 
?ip-?op D is connected to the logic circuit 11, its clock 
terminal (c) is connected to the clock terminal (c) of the 
D-type ?ip-?op B and C, and its data output terminal (Q) is 
connected to the combinatorial circuit 9. 

FIG. 3 shoWs a net list 20A that includes a modi?ed macro 
library according to the ?rst embodiment. In this 
embodiment, the clamped input terminals (for example, the 
external terminal 2 in FIG. 2) and the open output terminals 
(for example, the external terminal 5 in FIG. 2) in the 
hardWare macro 12 are searched at the redundancy removal 
step S30. Based on this searched information, forWard 
tracing from the input terminals and back tracing from the 
output terminals are performed. As a result, it is learned that 
the output Q of the D-type ?ip-?op Ais clamped to the logic 
L potential, and that the D-type ?ip-?ops C, D and the 
combinatorial circuit 9 are redundant circuits. Based on this, 
the redundancy removal step S30 outputs a modi?ed macro 
library 12 having circuit information such as shoWn in FIG. 
3. In this embodiment, all circuit information for primitive 
macros that Will be redundant circuits are removed, thereby 
affecting the delay time of the remaining clock lines. For this 
reason, the redundancy removal step S30 adjusts the change 
in delay time Within the modi?ed macro library that is 
caused by the deletion of interconnection data of primitive 
macro and interconnection data betWeen redundant primi 
tive macros. 

The effect of this embodiment of the present invention is 
as folloWs. In an ASIC designed by a customer, some user 
logic circuits designed by the customer and a large-scale 
hardWare macro 14 provided by the vendor are usually 
implemented on a single chip. In this case, the proportion of 
the area on the chip occupied by the large-scale hardWare 
macro 14 is relatively large, and the ?xed shape thereof often 
imposes signi?cant in?uence on the layout and Wiring of the 
user logic circuits. For example, FIG. 4 is a ?rst example of 
the layout on the chip, FIG. 5 is a second example of the 
layout. In the case of the ?rst interconnection example of 
FIG. 4, it is not possible to run interconnections over the 
large-scale hardWare macro 14. As a result, the Wiring 
betWeen each primitive macro surrounds the large-scale 
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6 
hardWare macro 14, making the interconnections long and 
Wasting the interconnection grid, thereby resulting in a 
Worsening of the overall interconnections. In a case, 
hoWever, such as shoWn in FIG. 5, if interconnections over 
the large-scale hardWare macro 14 are permitted, the Wiring 
betWeen primitive macros becomes short. This effect is more 
pronounced, the more interconnects that can be run over the 
large-scale hardWare macro 14. In this embodiment, the 
redundancy removal step S30 extracts, from the net list 20 
Which is the circuit information for the semiconductor 
integrated circuit that Was input, Wiring information of 
external terminals of the large-scale hardWare macro 14, this 
extracted information being used for determining terminal 
information With regard to Which outputs are open and 
Which inputs are clamped. Based on this terminal 
information, forWard tracing from input terminals and back 
tracing from output terminals are performed With respect to 
circuit information of the large-scale hardWare macro 14, 
and a modi?ed macro library 50, from Which redundant 
primitive macros and interconnection data betWeen redun 
dant primitive macros have been removed, is generated. For 
this reason, it is possible to free up Wiring grids that Was 
completely unusable With the interconnections of redundant 
circuits in the past, thereby having the effect of improving 
the interconnectivity of user logic circuits. In an ASIC such 
as a cell-based IC, correction of a single NAND gate after 
the completion of the chip requires designing aneW from the 
start. With this embodiment of the present invention, 
hoWever, because of the ability to use transistors that have 
been freed up from Within the large-scale hardWare macro 
14, it is possible in the case of a small-scale change to 
accommodate this change With just the Wiring process. 

FIG. 6 shoWs net list 20B that includes a modi?ed macro 
library 50 according to the second embodiment of the 
present invention. Elements of this embodiment that are the 
same as corresponding elements described With regard to the 
?rst embodiment have been assigned the same reference 
numerals and Will not be described explicitly again herein. 

In the hardWare macro 12 of FIG. 2, the external terminal 
2 is clamped and the external terminal 5 is open. Based on 
this information, forWard tracing from the input terminal and 
back tracing from the output terminal are performed. As a 
result, it is discovered that the data output terminal (Q) of the 
D-type ?ip-?op A is at the logic L potential, and that the 
D-type ?ip-?ops C and D, and combinatorial circuit 9 are 
redundant circuits. In the second embodiment When per 
forming removal of the redundant circuits, deletion of the 
interconnection data With regard to the clock line of the 
D-type ?ip-?op B and the deletion of the circuit that has a 
branch circuit in the combinatorial circuit are not done. For 
this reason, the redundancy removal step S30 of this 
embodiment outputs a modi?ed macro library 50 having 
circuit information such as shoWn in FIG. 6. While in this 
second embodiment, there is some remaining primitive 
macro circuit information that Will be redundant, because 
there is absolutely no effect on Wiring delays, there is the 
effect of maintaining predetermined timing of the macro. 

FIG. 7 shoWs a net list 20C that includes a modi?ed macro 
library according to the third embodiment of the present 
invention. Elements of this embodiment that are the same as 
corresponding elements described With regard to the ?rst or 
second embodiment have been assigned the same reference 
numerals and Will not be described explicitly again herein. 
In this embodiment, in addition to the second embodiment, 
prohibition information not to delete the D-type ?ip-?op D 
is added to Within the macro library 10. While the D-type 
?ip-?op D is actually a redundant circuit, in accordance With 
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prohibition information in the macro library, the D-type 
?ip-?op D is not deleted, so that the redundancy removal 
step S30 of this embodiment outputs a modi?ed macro 
library having redundant circuit such as shoWn in FIG. 7. 

While in this third embodiment, there is some remaining 
primitive macro circuit information that Will be redundant, 
because there is absolutely no effect on Wiring delays, there 
is the effect of maintaining predetermined timing of the 
macro. 

The present invention Will be understood as not being 
restricted to the above-noted embodiments, and it is obvious 
that it can take on various other embodiments. The 
quantities, positions, and shapes of constituent elements 
noted above are merely exemplary and presented as pre 
ferred quantities, positions, and shapes. 
By adopting the constitution as described above, the 

present invention achieves the folloWing effects. First, it 
enables the freeing up of Wiring grids that Were completely 
unusable because of redundant circuits, thereby improving 
the interconnectivity of user logic. Second, because it is 
possible to use transistors that have been freed up Within the 
large-scale hardWare macro, such as in a cell-based IC, as 
long as the change is a small-scale change, it is possible to 
accommodate the change With only the interconnection 
process. 
What is claimed is: 
1. A method for designing an ASIC comprising the steps 

of: 

a ?rst step of generating circuit data that includes a 
large-scale hardWare macro made up of primitive mac 
ros; 

a second step of extracting, from said circuit data gener 
ated in said ?rst step, Wiring data of an external 
terminal of said large-scale hardWare macro, an output 
of Which is in an open state or an input of Which is 
clamped; 

a third step of performing circuit tracing using said Wiring 
data of said external terminal extracted in said second 
step; 

a fourth step of removing Wiring data of a redundant 
primitive macro and redundant Wiring data connected 
to said redundant primitive macros using said Wiring 
data of said external terminal extracted in said second 
step, Wherein said fourth step including a step of setting 
removal prohibition information Within said library, so 
as to impart a limitation on a removal of Wiring data of 
a redundant primitive macro and redundant Wiring data 
connected to said redundant primitive macros; 

a ?fth step of generating a temporary library in Which a 
delay time Within said macro is adjusted, based on 
removal results obtained in said fourth step; and 

10 

15 

25 

35 

45 

8 
a sixth step of performing layout and Wiring, and of 

performing a delay simulation, using said temporary 
library generated in said ?fth step. 

2. A method for designing an ASIC according to claim 1, 
Wherein said fourth step including a step of prohibiting a 
removal of Wiring data of a clock line in a ?ip-?op circuit. 

3. A method of designing an ASIC according to claim 1, 
Wherein said fourth step including a step of prohibiting a 
removal of Wiring data having a branch circuit in a net list, 
When said Wiring data of said external terminal extracted in 
said second step includes said branch circuit. 

4. An apparatus for designing an ASIC comprising: 

a ?rst means of generating circuit data that includes a 
large-scale hardWare macro made up of a primitive 

macros; 

a second means of extracting, from said circuit data 
generated in said ?rst means, Wiring data of an external 
terminal of said large-scale hardWare macro, an output 
of Which is in an open state or an input of Which is 
clamped; 

a third means of performing circuit tracing using said 
Wiring data of said external terminal extracted in said 
second means; 

a fourth means of removing Wiring data of a redundant 
primitive macro and redundant Wiring data connected 
to said redundant primitive macros using said Wiring 
data of said external terminal extracted in said second 
means, Wherein said fourth means including a means of 
setting removal prohibition information Within said 
library, so as to impart a limitation on a removal of 
Wiring data of a redundant primitive macro and redun 
dant Wiring data connected to said redundant primitive 
macro; 

a ?fth means of generating a temporary library in Which 
a delay time Within said macro is adjusted, based on an 
output of said fourth means; and 

a sixth means of performing layout and Wiring, and of 
performing a delay simulation, using said temporary 
library generated in said ?fth means. 

5. An apparatus for designing an ASIC according to claim 
4, Wherein said fourth means including a means of prohib 
iting a removal of Wiring data of a clock line in a ?ip-?op 
circuit. 

6. An apparatus for designing an ASIC according to claim 
4, Wherein said fourth means including a means of prohib 
iting a removal of Wiring data having a branch circuit in a net 
list, When said Wiring data of said external terminal extracted 
in said second means includes said branch circuit. 


